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Sunmary 

We have constructed d large-aperture ring-imaging 
Cerenkav ccunter, intended to identify hioh momentum 
hadrons in a~high pt experiment at Fe-&lab (E605). 

To date we have performed a preliminary. analysis on d 
small subset of our data, taken during the initial 
operation of our counter (April-June 1982). 2:n have 
obtained r/K separation with good efficiency from about 
?O G@i/c to 120 G&i/c in momentum under high luminosity 

conditions (%5 x IO9 protons/second on target). Approx- 
rmately 843 of all single-track events having at least 
one detected photon have been unambiguously identified. 
Cerenkov photons were detected by a multi-step avd- 
lanche chamber via the pnotoionization of triethylamine 
(TEA) vapor, and a r;ean number of 2.8 photons per event 
~3s detected for the highest velocity particles. Im- 

provements in photon reconstruction are expected. 
especially as ne refine our tracking procedures. 

Experimental confiazratian. Figure I is a diagram 
of Fermilab Experinenr 605. Our Cerenkov counter is 
separated from the target by two spectrometer magnets 
(total kick sb GeV for this data) which help reduce 
particle fluxes at our counter. 5% accept particles 
Over a wide anguldr range (:bO mrad vertically). Yad- 
ronic trajectories rrcre selected using our caloriwrer 
sys,tem aPd tracked by our chamber System. 

Cerenkov Counter Oescription 

Radiator vessel 

The design of o"r Cerenkov counter is based upon 

a successful prototype'. We used pure helium as the 
radiator gas in order :o limit chromatic dispersion. 
The radiator vessel is a thin-walled (3/32 inch) al&- 
minum (6061-T6) box. All permpnent joints in this 
structure were welded, taking care to avoid pinholes. 
Non-permanent joints (2t the detector and monitoring 
ports-) were sealed with viton O-rings. Structural 
s:rength 'as provided by alwinum channels and I-beams 
extertor to the vessel. The side walls were allowed 
to flex under pressure changes without cracking any 

ueids. The vessel is 15.2 m long and 3.1 x 2.8 m ' in 
cross section at its widest point (near the detectors). 
The length is sufficient to obtain about 6 detected 

photons from one perticlel. assuming 100X He transmis- 
sion, and :he cross section was chosen to contain aI1 
trajectories of aperimental interest. 

The vessel has ?;:a detector ports. one on each 
side. For this initial run. only one port was used. 
The ports dw located outside the experimental ape,-- 
ture, ?nd 20 Only ierenkov photons dw seen by the 
deteztcrs. 

Cur pd~dKwnt CO"Cer" in COnStmCting the Cerenkov 
vessel wlis that the heliun radiator gas Should not be- 
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Fig.. Experinenr E-605. 

come contamiwted. Since purity better than 1 Ppm is 
required against some contaminants (oxygen), care was 
taken to eliminate 211 materials from the vessel other 
than aluminum, steel, vitan. glass, MgF2. and CaF2. 

The.vessel was cleaned with freon. flushed with nitro- 
gen gas and baked at 100 C for 58 hours before Filling 
with pure helium from liquid boiloff. 

The radiator gas was maintained at roan tempera- 
ture and slightly above amspheric pressure. For 
typical running conditions, the mean index of refrac- 

tion was nZ-1 = 72.0 x lO+j, giving a threshold yt = 

118. This translated into threshold momenta of 16 
irV/c for I'S, 58 Ge'ilc for K's. and 110 G&/c for p's; 

Gas ourification system 

The photon transmission of the He gas was main- 
tanned by recirculation through J. purification system. 
As- the gas enters the purifier it is mixed with a 
;mall amount of hydrogen and Put through a Oeoxo cata- 
lyzer (Engelhard Systems, N.J.). The gas then passes 
through a dryer and a liquid nitrogen cold trap. which 
extract and freeze out gas impurities.‘ Gas purity was 

monitored usin3 a UV light sour:e', and the gas trans- 
mission was measured to be about 80%. a value somewhat 
loner than anticipated. Flaw rate through the purifier 
was approximately two voiwne changes per day. 

~Mirrors .- 

The full mirror assembly consists of a 4 x 4 

array of mirror segments. each a 25 x 26 in' rectangle. 
For this initial run, only 8 of the mirror segments 
were available. These segments were placed in the two 
central columns of our array, s"btending an area 

52 x 100 in* (half the aperture!. Both mirror columns 
were focussed onto the right (as seen by an incident 
proton) detector Port. 

We used the largest segments available consistent 
with good reflectivity dt 1500 angstroms. Each seg- 

m?nt' was ground from a 7/8 in:h thitk blank of an- 
nealed Plate glass to a sphericai'radius of 16.00 rO.02 
m. The surface bids polished to an rms roi;ghness less 
than 30 angstroxs. The figure accuracy of the spheri- 

cal su?faCe i:dS better than 20 urad (error in the 'nor- 
rlal) SVev any 18 CT diameter circle. ihe sphericdi 
rurfacei were coated with aluminum and HgF2 to attain 

a reflectivity of 75; at 1500 angstroms. 

Th? mirrors Xere hung from above "sing Piano wire. 
Adjussmsnt5 in mirror orientation were made from be- 
hind, relati,:? to .a light aluminum grid. The mass of 
tnis grid is mostly loczted in the mirror gaps in 2" 
attempt to keeF the mass distribution unifon across 
the mirror surface. Each mirror segment is held in 
it: own aluminim frame. cushioned by viton. 

The mirrors were aligned visually to ?1 cn ~CC"T- 
acy in image Position on the detector plane. 0"r ZYS- 
tern is self-calibrating Using Particle tracks with 
three or more Photons. Each mirror was independently 
aligned so that ring images from adjacent mirrors' 
were non-overlapping. ihis is done to minimize confu- 
sion in paint reconstrxtion. Xirmr alignment angles 
were chosen so as t0 minimize the necessary detector 
area required to see trdjectories over the whole 
aperture. . . 

Calcium fluoride window 

The window assembly separating the radiator gas 
from the detector gas was a 4 x 8 mosaic of CaFZ 

crystals, edch 10 x 10 cm' in area and 4 mn thick. 
Each crystal MS g?"ed to d heavy brass frame, whose 
thermal expansion PrOPertieS were similar to those of 
the crystals. The frame wa5 maintained at the lame 
voltage as the first grid of the detector to minimize 
l Iectmstatfc instabflftles. The trammission of the 
crystals'was typfcally~702. 

Photon detector 

The photon detector was a multi-step pmportional- 

chamber with a 40 x 80 cm* active area. Figve 2 
shows schematically the CaF2 window, the conversion, 

oreamplification. and transfer gaps (made of stainless 
steel grids). the prOprtion?.l wire chamber, and an 
external double mylar window. This stnxhlre was simi- 
lar to that of the Smaller Prototype detector de- 

scribed previously1'3 
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jpscers were rs~essilry in the ?A qap to maintain 
sniforn oap thickness and t!:iiS avold huge increases 
in gain in the center of the chamber due to electro- 

static attraction of the two grids 
3.4 

Three care- 
fully nxhined fiberglass swcers wer'e used. with 
mylar guard rings. :ain variations b.ere iess than 50.. 

The proportional cha!xber acode p?ane consisted oi 
!?2 vertical ?O-micron dianeter wil-eS ixced every 
2 m. The cathode wires were oriented at :45 degrees 
with respect TV -.he anodes. Loch czt?ode contained 
2 x 334 50-micron diameter xires spaced every 1 IT&?. 
The chamber was operatea with a I+(97 )/?W(3;1 gas 

mixture at a gain of about 11'. 

Readout rysten! 

The anode and cathode hires were read out every 
2 m into LeCroy ZZSO-Ser?es lZ-bit ADi's. The LeCroy 
ADC system is controlled by a processor module lihich 
utomatically periomn pedestal wbtrdction and data 
compression. The processor data wzz read out via 
C.WAC into an on-iine POP 11/Z computer. On-line 
monitoring of the detector was perfonred via the 
Fenilab NlLTl software pdckage. 
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-4. An off-line display of a 5-photor. K 
event. ~athade pulses are seen angCl in the lefr and 
righr margins, and anode pu&cs a~ the cop. The re- 
coc.strucced photon positions are iodicaced by l 'S, 
and rhe prwcced ring center by +. 

Particle Identification Procedure 

Pulse height information from rhe ADC'S is used 
to measure the coordinates of each Cerenkov photon. 
Cathoae pulses are spread over 5-6 ADC channels. and 
a center-of-gravity method is used to find the pulse 
center. Anode pulses generally cover a single wire. 
The poiat reconstruction algorithm search?S for 
cathode-cathade-anode triplets, rejecting ghost trip- 
lets by requiring approximately equal ampiitudes in 
all three planes. 

The Particle track is defined by two Sets of 
drift chanbelrs on either end of the Cerenkov vessel 
(fig. I), dnd the m!-m!en~u~ is calculated from the 
particle trajectory. ::r calculated 3 radii from the 
momentum, one for each part:cle type hypotheSis. 2, 
K. or p. Then. for eden mirror capaole of intercept- 

ing and reile?iing photons from the particle. a ring 
center is calwlated on the detector plane. :-is is 
done by trea:ing the particle trajectory itself as if 
it were d photon: its path is traced to the mirror 
surface. t!len reflected onto the detector piane. 'were 
it defines the ring center. bie then measure :re 
distance between each photcn candidate point dna each 
calculate3 ric9 center. and try to find a set ci raaii 
ccnsistenr k.i:h ore of our particle hypotheses. 

Effects or Aberrarions 

The asymnetrlc geozetry of our current seiw 
introouces various aberrations. Sne effect is the 
distorcian of the rirg inage from a circle :o dn ao- 
proximate elliptical shaPe. The amount of distortion 
varies frcz mirror to mirror, and depends u;on :he 
photon trajectory. but can be calculated fcr each 
event. provided the particle track is knoun. The 
aifference betseen major and minor axeS is no worse 
than 1.41, drill can be corrected by the photon 
recanstr"ctian program. 

Another problem arises from the long radiator 
length: photons emitted at various points along d 
particle's trajectory do not come to a well-defined 
focus. The best tt,at can be done is to place the 

detector at the circle of least confusion5, where we 
obtain the optidm average focus. The ring images are 
also astigniatic: they are out of focus at points near 
the major and minor axes of the ellipse. and in focus 
at points in between. 

For the set of mirrors on tha raw&side of the 
apparatus as the photon detector, th rstigmatlsm is 
vwy wall and produces a typical unccrtalnty in ra- 
dius of t0.07P; rum. The mirrors on the away side 
generate a larger astigmatism, and their ring images 
have uncertainties in radii of typically r0.375 nns. 

Hhen the Second detector and the full complfgent 
of 16'mirmrs becomes available, d more syrrmetrical 
arrangement of mirrors and detectors will result in 
reducing the uncertainty due to astigmatism to, ?0.072 
for al.1 mirrors. Et/en so, the astigmatism in the 
current run is tolerable with respect to particle 
identification. 

Chrcnatic disoersion. Chromatic dispersion arises 
from the dependerce oi the helium index of refraction 
upon photon energy, and generates a" rms wxertainty 
of iO.7-1 in the radius. This effect can be reduced 
by adding about 103 CH4 to the chamber oas. unich 

absorbs higher energy photorx I.3 . 

Pressure and temoerdture effects. The index of 
refraction also depenas upon pressure and temperature 

as n2-1 = p/T. The temperature at various points 
within the Cerenkov vessel were neasured by theno- 
couples. i/e observed a non-uniformity in teroerature 
within the vessel. The observed ns uncertainty in 
temperature was iO.9 K. causing an uncertainty 'in ring 
radius of ~0.15:. Khile both pressure and tenoerature 
fluctuated over the co"rSe of a run, the ratio p/T 
tended to retrain roughly constant, and the driit in 
radius over the course of a run Of Several hours 
duration ms on the order of 0.03:. 

The sum in quadrature of all the above effects 
gives an uncertainty of ?0.78~, in radius. For d pion 
having a radiui of 69.0 WI, this <s an uncertainty 
of 20.53 ml. 

Omer factor:. The tw other major factors in- 
fluencing radius resclu:ion are the uncertainties in 
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c3!culzticg thy ring center d;: :: trac:icg Jzxrtain- 
ties (involviog drift crambar resolution and survey:ng 
errorr], and the inherent resolu:io:: of the witi-step 
charmer itself. Identification ci oae- and r:io-photon 
eYentS is oavio~sly crucially d??Erleni "Don t*z care- 
ful rileaS"re"le"t c: the ring cen:er. :rhereas three- c3r 
more-' pmt30 evects 'la"2 actually :+en used :2 -9jrrect 
WI survey data. inpar;ic,ular th? m:rror a!i~nnert 
dngles. 

Pveiininarv Analysis ?rcu!ts 

The track rxcnstructian ;rs:eo~res for t?ls ex- 
perivent are still in a tievcioQ~en:si stage. <once. 
track'ng uncertainties cc?pletel; &xinate OL:‘ errors 
at t!iis t;me. and all resuics sr???? belo:: are zreiin- 
icary and are expected to ir;pro,;e with <n?ravements 
in trrck reconstruction efficiency. . 

Nmber of Photons 

The mean number of photons produced by a particle 

is proportional to sin' ac, where ec is the Cerenkov 

angle. For the detector to be eiiective, the mean 
nunhe? of detected photcns must te n‘;gh enocgh so that 
the prcbability cf an event genera:ing zero 0'1otcns iS 

small; 3n the other hand, the medn number of detected 
photons must be low enough so thsz reconstruct?on 
efficiency ODES not become crippled by inability to 
separate many overlapping caordinzws. In our appli- 
caticn, about 5 or 6 photons per event is the optimal 
situation. and we have desi‘gned our counter with this 
nunber of photons as a goal. 
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Us have measured the'mean number of photons from 
identified pions. all of which have radii near the 
maximum, to be about 2.8 Pei event. The number of 
photons Fits a Poisson distribution rather we11 ffia. 
4). and extrapolation gives the result that about 61 
of the pions are lost because of zero photons. The 
reasons for the lower than expected nrrmber of photons 
is under study. Xe are aware that the relatively poor 
helium transmission is a factor. 

r-K Separation 

Kaons have.been identified with a mean nmber of 
photons equal to 1.8 per event. Looking at a scatter 
plot of radius vs. momentum (fig. 5). we see a.clear 
separation between the n-K bands wt to 120 &V/c. 
A few proton events are also observed. The width of 
the n peak as seen in the radius distribution of fig- 
ure 6 is about 4 mu FIZHM. Reduction of this widtn. 
which will become possible with improverents in track- 
ing hnd surveying, will enable n-K separation at 
higher momenta. 

Particle Identification Results 

Table I sumnarires the Particle identification 
results wer a variety of runs, including data from 
Be, Cu. and W targets. These events required a hadron 
calorimeter trigger threshold energy of about 50 Gev. 
h'e have so Far analyzed only single-track events; we 
plan to recanstrxt multi-track events at a later 
stage. The major problem of multi-track events is the 
problem of disentacgling overlapping ring images from 
different particles. 

Fcr the singie hadron sanPle. we have unambigu- 
ously identified 83.6.; of the events having one 0~ 
more photons. E3th positive and negative badrons have 
been identified. 
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Fig. Rsdius disrribution for events in the 
mmcncm band SOxP<60 CeV/c. 

Zero-photon events. The large number of rero- 
photon events is found to be consistent with the exwc- 
tation of a large number of below-threshold protons. 
An estimate of the contribution of n's and-K's to the 
zero-photon sample is calculated as a function of mo- 
mentum. based on the observed mean number of photons: 

We find the n+/K+ ratio. including the estimated con- 
tribution for events 10s: due to zero photons. is 
roughly constant with total momentum and is approxi- 
mately equal to 2. After subtracting the 7-K contribu- 
tion to the zero-photon sample. we find the ratjo 

n+lp to be approximately 1.2 and constant over a mown- 
tun range 60~100 G&/c. Both observed ratios are in 
rough agreement rith measurements by a previous 

experiment!. :!e find that from about 75 &V/c up tO 
proton threshold at 110 G&/c, rwo-ptioton events cd" 
be interpreted as protons with 80; or better confidence. 

Total nu-bcr of e"enzS in sample = 13642 

Particles identified by at least an; photon: 

n+ = 5184 n- = 536 total 7 = 5;20 

K' = 1337 K- = 38 tot.31 K = 1345 

p = 25 P= 1 total p,p‘ = 26 

Ambi;"aus qyents = 1515 

Zero-photon events = 5165. 

Table. Surrmary of preliminary particle identi- 
fication results for single-track hadron events. 
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